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Abstract: The biotic and abiotic assets of the marine environment form the “marine natural capital”
embedded in the global ocean. Marine natural capital provides the flow of “marine ecosystem
services” that are directly used or enjoyed by people providing benefits to human well-being.
They include provisioning services (e.g., food), regulation and maintenance services (e.g., carbon
sequestration and storage, and coastal protection), and cultural services (e.g., tourism and recreational
benefits). In recent decades, human activities have increased the pressures on marine ecosystems,
often leading to ecosystem degradation and biodiversity loss and, in turn, affecting their ability to
provide benefits to humans. Therefore, effective management strategies are crucial to the conservation
of healthy and diverse marine ecosystems and to ensuring their long-term generation of goods
and services. Biophysical, economic, and sociocultural assessments of marine ecosystem services
are much needed to convey the importance of natural resources to managers and policy makers
supporting the development and implementation of policies oriented for the sustainable management
of marine resources. In addition, the accounting of marine ecosystem service values can be usefully
complemented by their mapping to enable the identification of priority areas and management
strategies and to facilitate science—policy dialogue. Given this premise, this study aims to review
trends and evolution in the concept of marine ecosystem services. In particular, the global scientific
literature on marine ecosystem services is explored by focusing on the following main aspects: the
definition and classification of marine ecosystem services; their loss due to anthropogenic pressures,
alternative assessment, and mapping approaches; and the inclusion of marine ecosystem services
into policy and decision-making processes.

Keywords: marine ecosystems; ecosystem services; benefits to humans; biophysical assessment;

economic valuation

1. Introduction

The biotic and abiotic assets of the marine environment constitute natural marine
capital generating a bundle of ecosystems services vital for human well-being [1,2].

Marine ecosystem services are the output flows generated by marine natural capital
stocks that are directly consumed, used, or enjoyed by people [3—6]. They include food
provision, coastal protection, water purification, nutrients cycling, carbon sequestration,
and recreational opportunities.

The generation of ecosystem services depends on the physical, chemical, and biolog-
ical processes in marine ecosystems that underpin ecosystem functioning and maintain
ecosystem structures. These ecosystem processes include biomass production, organic
matter transformation, nutrient cycling, and physical structuring [7].

Ecosystem functioning is based on the interplay between abiotic and biotic factors.
Among the biotic factors, the importance of biodiversity is widely recognized as being
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fundamental [8]. Furthermore, ecosystem functions represent a significant component of
ecosystem health on which the generation of ecosystem services that benefit society and
human economy depends [9].

The most widely acknowledged framework for linking ecosystems and human well-
being is the ecosystem service cascade model developed to highlight how the notion of
ecosystem services can be used to understand the strong relationships between people
and nature [10]. It represents the production chain of ecosystem services, starting from the
biophysical structures and processes of ecosystems and ending with the benefits provided
to society. Yet, the quantitative assessment of the relationships between biodiversity,
ecosystem functioning and ecosystem services requires a deep research effort, especially in
the context of marine ecosystems [11].

Marine ecosystems undergo unprecedented changes at different scales due to multi-
ple human direct and indirect pressures including overfishing, eutrophication, invasive
alien species, habitat destruction, plastic pollution, and climate change [12-14]. Marine
biodiversity loss is a consequence of these drivers acting either alone or in synergy. In this
context, the biophysical and economic assessment of marine ecosystem services is much
needed to convey the importance of natural resources to managers and policy makers and
to support the implementation of policies and strategies oriented toward the sustainable
exploitation of marine natural capital stocks [15].

Mainstreaming ecosystem services into policy and decision making is also dependent
on the availability of spatially explicit information on the state and trends of marine
ecosystems. Mapping is recognized as an essential tool to bring the concept of ecosystem
services into practical application [16,17].

In recent decades, there has been an increasing number of studies aimed at assessing
and mapping the value of coastal and marine ecosystem services, although there are
significantly less published articles than for terrestrial ecosystems [18].

In this study, the scientific literature on marine ecosystem services was firstly explored
using bibliometric analysis and the VOSviewer software (version 1.6.9, Leiden University,
Netherlands), a software tool based on social network analysis allowing for the creation,
visualization, and exploration of maps based on bibliometric network data. Articles were
collected on 16 February 2021 by research on the Scopus web search engine. The search
string used was “marine ecosystem service*”. The research on the Scopus database pro-
duced 237 scientific articles published from 2006 to 2021. The results were exported as .csv
files and imported into the VOSviewer software. The scientific research on marine ecosys-
tem services has shown a rapid increase in recent decades. The distribution of keywords in
scientific publications on “marine ecosystem services” along a temporal gradient (Figure 1)
shows the evolution in the scientific literature on the topic, identifying the most recent
topics and research paths. The map shows a more recent focus on the concepts of “envi-
ronmental assessment”, “spatial planning”, and “sustainable development”, highlighting
increasing interests and efforts in opening the science on “marine ecosystem services” to
multi-disciplinary research areas linking the ecological and socioeconomic dimensions
of sustainability.

The concept of ecosystem services has also garnered strong international policy at-
tention. Although there is no specific policy devoted to marine ecosystem services, the
concept is already embedded in several recent environmentally related international poli-
cies, such as the Marine Strategy Framework Directive, the 2030 Agenda for Sustainable
Development, and the Biodiversity Strategy for 2030 [19-21].

Given this premise, this paper aims to review the scientific literature on marine ecosys-
tem services by focusing on the following main aspects: the definition and classification of
marine ecosystem services; their loss due to anthropogenic pressures, alternative assess-
ment, and mapping approaches; and the inclusion of marine ecosystem services into policy
and decision-making processes.
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Figure 1. Keywords related to “marine ecosystem services” in the scientific literature, represented on the basis of the
average year of publication of documents in which they occur, on a color gradient from blue (older publications) to green
(publications equally distributed across the timespan) and yellow (more recent publications).

2. Definition and Classification of Marine Ecosystem Services

In recent decades, there has been an exponential growth in interest on the ecosys-
tem service concept and on related international initiatives, among which include the
Millennium Ecosystem Assessment (MA), The Economics of Ecosystem Services and Biodi-
versity (TEEB), the Intergovernmental Platform for Biodiversity and Ecosystem Services
(IPBES), and the Common International Classification of Ecosystem Services (CICES).
These policy-relevant initiatives provided several definitions and classification schemes for
ecosystem services.

The MA [22] defined marine ecosystem services as “benefits that people obtain from
coastal and marine ecosystems” and divided coastal and marine ecosystem services into
four main categories: Provisioning Services such as food, water, timber, and fiber; Regulat-
ing Services such as the regulation of climate, floods, disease, wastes, and water quality;
Cultural Services such as recreational, aesthetic, and spiritual benefits; and Supporting
Services such as soil formation, photosynthesis, and nutrient cycling. The MA considered
fishery catches as one of the most important services derived from coastal and marine
ecosystems both in terms of source of proteins and direct and indirect employment op-
portunities to millions of people worldwide [23]. In the MA context, a special focus was
placed on the major anthropogenic drivers of change, degradation, or loss of marine and
coastal ecosystems and services.

Following the MA, ecosystem services were defined in TEEB [24] as “the direct and
indirect contributions of ecosystems to human well-being”. This definition followed the
MA, but it introduced a distinction between the concepts of “services” (i.e., flows generated
by natural ecosystems) and “benefits” (i.e., the contributions of ecosystem service flows
to aspects of human well-being such as health and safety), explicitly acknowledging that
services can benefit people in multiple and indirect ways.

Another important difference, compared with the MA, was the omission of the Sup-
porting Services, which were considered in the TEEB as a subset of ecological processes.



Water 2021, 13, 2060

4 of 14

Instead, the Habitat Services category was introduced as a separate category to highlight
the importance of ecosystems in providing habitat for migratory species and gene-pool
protectors. The TEEB initiative recognized that, although the ocean and coastal ecosystems
are extremely important in terms of ecosystem services they provide and their economic
value, they suffer from knowledge and governance deficits more than other types of ecosys-
tems [24]. In the TEEB context, major attention was placed on the need for assessing the
economic value of marine and coastal ecosystems while understanding the contribution of
these ecosystems to human well-being.

The Intergovernmental Platform for Biodiversity and Ecosystem Services (IPBES)
introduced the concept of “nature’s benefits to people”, referring to all of the benefits that
humanity (individuals, communities, societies, nations, or humanity as a whole) obtains
from nature [25]. Later, the IPBES introduced the concept of “nature’s contribution to peo-
ple”, with the goal of embracing different stakeholders; world views; the knowledge base
offered by the natural and social sciences; and the knowledge of practitioners, indigenous,
and local communities [26]. With regard to the contribution provided to humans by marine
ecosystems, the IPBES highlighted the need for ecosystem-based approaches to fisheries
management, marine spatial planning, marine protected areas, and other tools to protect
and manage key marine biodiversity areas. In particular, fishing was recognized as the
human activity with the highest impact on biodiversity in the past 50 years. Therefore, it is
suggested to urgently enhance capacity-building for the adoption of sustainable fisheries
management practices; to implement global agreements for responsible fisheries; and to
prevent and eliminate illegal, unreported, and unregulated fishing [26].

Currently, the most widely used classification of ecosystem services is the Common
International Classification of Ecosystem Services (CICES). The first version of the CICES
was published in 2013 and, then, updated in 2018 to clarify the way specific ecosystem
services are defined and to extend the scope of the classification [5]. Both the first and
the second versions of the CICES define ecosystem services as “the contributions that
ecosystems make to human well-being”. The CICES clustered ecosystem services in three
main categories (provisioning, regulating and maintenance, and cultural). The “supporting
services” category, originally defined in the MA, was excluded in the CICES since it was
treated as part of the structures, processes, and functions of ecosystems. The CICES was
first developed for terrestrial environments, but it has since been adapted for the marine
environment [27]. According to the CICES classification, marine ecosystem services can
be also divided into three main categories [28]. The provisioning category includes food
provision (i.e., through fishing activities and aquaculture), water storage and provision (i.e.,
water extraction in marine and coastal environments), and biotic materials and biofuels
(i.e., medicinal, ornamental and other commercial resources, and biomass for bioenergy).
The regulating and maintenance category embeds water purification, air-quality regulation
by vegetation and water bodies, coastal protection, climate regulation (i.e., regulation of
greenhouse and climate active gases), weather regulation, ocean nourishment through
nutrients cycling, life cycle maintenance (i.e., the maintenance of key habitats that act as
nurseries, spawning areas, or migratory routes), and biological regulation (e.g., control
of fish pathogens especially in aquaculture and the role of cleaner fishes in coral reefs).
Finally, cultural services include symbolic and aesthetic values, recreation and tourism
(e.g., coastal and offshore activities), and cognitive effects (e.g., inspiration for arts and
applications, information, and awareness).

3. Loss of Marine Ecosystem Services

Coastal and marine ecosystems represent some of the most heavily exploited ecosys-
tems in the world [1]. The loss of marine biodiversity is increasingly harming the capacity
of marine ecosystems to provide services to humans, and the trend of biodiversity loss
is accelerating on a global scale [29]. About 60% of global marine ecosystems have been
degraded or unsustainably used [30]. Coastal habitats are under pressure, with approxi-
mately 20% of the world’s coral reefs lost and about 20% degraded. Mangroves have been
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reduced by 30-50% compared with their historical cover, and about 29% of seagrass habi-
tats are estimated to have disappeared in the last century, generating loss of biodiversity,
habitats for inshore fisheries, and carbon sequestration potential [31]. There are several
anthropogenic drivers of change, degradation, and loss of marine and coastal ecosystems
that can be divided into the categories direct and indirect [23]. A direct driver unequiv-
ocally affects ecosystem processes, while an indirect driver operates more diffusely by
altering one or more direct drivers. According to MA [22], driving forces can be clustered
in the following categories: demographic, economic, sociopolitical, cultural and religious,
science and technology, and physical and biological. Drivers in the category “physical and
biological” can be considered direct [22], while drivers belonging to the other categories
can be considered indirect. Direct drivers of change in marine and coastal ecosystems in-
clude overfishing and destructive fishing methods, invasive species, pollution and nutrient
loading (eutrophication), and climate change. In contrast, illegal fishing, and population
growth are among the major indirect drivers of change in marine and coastal ecosystems.

Overfishing and destructive fishing methods alter or destroy marine ecosystems, and
change the community structure and the interactions between ecosystem components.
The global decline in commercially important fish stocks is well documented, with many
important ecological, economic, and social consequences. In fact, according to FAO [32],
the fraction of fish stocks that are within biologically sustainable levels has exhibited a
decreasing trend from 90% in 1974 to 67% in 2015. Conversely, the percentage of stocks
fished at biologically unsustainable levels increased from 10% in 1974 to 33% in 2015.

Marine invasive species are a growing global ecological threat [33]. The introduction
of alien marine species has been accelerated in recent decades by rapid globalization and
increasing trends in trade, travel and transport, and climate change [34]. The introduction
of marine alien species can generate significant ecological, economic, and human health
impacts [35]. From an ecological perspective, they can cause loss of native biodiversity
(due to preying upon native species, decreased habitat availability for native species,
and additional competition), changes to ecosystem function and in nutrient cycles, and
decreases in water quality.

In terms of economic impacts, marine invasive species can interfere with fishing
and mariculture activities, damage infrastructure, and disturb tourism. Finally, they can
increase the presence of parasites and diseases, decrease recreational opportunities, and
degrade culturally important habitats and resources.

Marine pollution is also a complex threat to marine biodiversity. Many human activi-
ties generate pollutants that are released into the seas and the oceans. These pollutants can
significantly alter marine ecosystems and cause serious harm to species of the marine food
web [36].

Pollutants often originate from land and are transported to the oceans through rivers
or the air. Pollutants of particular concern include petroleum, nutrients from fertilizers,
industrial contaminants, and plastics. In particular, in the last decade, the global problem
of plastic pollution in the seas and oceans has attracted increasing scientific concern, with
calls for international agreements to address this issue [37,38]. Annually, an estimated
211,425 tons of plastic enter the marine environment [39]. A timely debate addresses
the presence and concentration of microplastics in fishes, a critical topic considering that,
globally, more than 40 million people are dependent on fish provisioning [40]. In addition,
although there has been an increasing interest towards the issue of microplastics in marine
environments, there remains a lack of understanding of how they can affect the biodiversity
and the functioning of marine ecosystems and, indirectly, the generation of ecosystem
services [41].

Climate change is another serious threat to marine ecosystems. The ocean absorbs
large amounts of heat as a result of increased concentrations of heat-trapping gases in the
atmosphere, leading to rising ocean temperatures [42]. Ocean warming leads to a reduction
in the amount of dissolved oxygen and sea-level rise resulting from the thermal expansion
of sea water and continental ice melting. Increasing ocean temperatures, coupled with
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ocean acidification (i.e., the decrease in pH of the ocean due to the uptake of CO,) affect
marine species and ecosystems. Rising temperatures cause coral bleaching and the loss
of breeding grounds for marine fishes and mammals [43,44]. Several studies indicate that
the impacts of anthropogenic climate change include decreased ocean productivity, altered
food web dynamics, reduced abundance of habitat-forming species, shifting species distri-
butions, and a greater incidence of disease [45]. Although there is considerable uncertainty
about the spatial and temporal details, climate change is clearly and fundamentally altering
ocean ecosystems [46,47]. The impacts of climate change are increasing in intensity and
are predicted to have great effects on marine resources and ecosystems in the future, also
creating serious challenges for societies worldwide, especially in developing countries.

Among indirect drivers of change in marine and coastal ecosystems, illegal fishing
practices, aimed at achieving high economic profits and due to a lack of surveillance,
enforcement, and monitoring, also contribute to the overexploitation of fish stocks [23].

Moreover, demographic development in coastal zones is also an indirect driver of
changes in ecosystems, with coastal population densities being about three times that
of inland areas, thus affecting many of the most ecologically important and valuable
ecosystems within the coastal zones [23].

The cumulative anthropogenic pressures on marine ecosystems cause biodiversity loss
and seriously affect their capacity to provide benefits to humans [48,49]. Anthropogenic
impacts on marine ecosystems are a growing concern especially in coastal areas where
several human activities occur, generating large inflows of pollutants and hazardous
wastes [50]. In fact, although the coastal zones represent only about 4% of the Earth’s total
land area, they contain more than one third of the world’s population and account for
about 90% of the catches from marine fisheries [1].

The degradation of marine ecosystems, the loss of biodiversity, and related ecosystem
services call for placing a value on nature. In fact, comprehensive assessment framework
providing biophysical and socioeconomic evaluations of marine ecosystems and related
services are strongly needed to communicate with policy and decision-makers and to
implement conservation actions and sustainable management of marine ecosystems.

Therefore, in view of the current human pressures causing marine biodiversity loss,
effective management strategies are crucial to conserving healthy and diverse marine
ecosystems; to maintaining the valuable functions and services they provide, and at the
same time; to practicing sustainable socioeconomic activities.

4. Assessing and Mapping Marine Ecosystem Services

Assessing and mapping ecosystems and their services are essential to making in-
formed decisions [51]. Ecosystem service assessment is a worldwide topic garnering grow-
ing interest, but applications for coastal and marine ecosystems are still a minority [52].
The assessment of ecosystem services in marine ecosystems is more challenging compared
to terrestrial ones [53]. In fact, the dynamics and complexity of marine ecosystems, the
high connectivity among marine habitats, the dispersal of species, and the widespread
spatial distribution of the ecological processes make the assessment of ecosystem services
demanding and time- and resource-consuming [54].

In spite of this, over the past decades, there has been increasing research effort in
assessing the value of services generated by marine ecosystems and in incorporating these
values into marine planning and decision making [18].

Marine ecosystem service assessment can be performed by using biophysical, socio-
cultural, and economic methods [55]. These methods are complementary to each other and
can provide different sets of indicators in support of decision makers.

Biophysical assessment methods are based on the quantification of different parame-
ters of biotic and abiotic structures on which the provision of ecosystem services depends.
Biophysical methods can be divided into three main categories: direct measurement,
indirect measurement, and modelling methods [56].
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Direct measurement methods assess the quantity and the state of marine ecosystem
services from ecosystem observations, monitoring, surveys, and questionnaires. Marine
habitat mapping represents the basis for direct ecosystem service assessment, and several
efforts have been made within the habitat mapping community for supporting ecosystem
service assessment [57-59]. Direct measurements provide a biophysical value of ecosystem
services in physical units (e.g., kg per year), which correspond to the units of the indicator
and usually quantify both the stock and the flow values [60].

Indirect measurement methods are based on the use of different data sources that
rely on biophysical values (expressed in physical units) and still need additional analysis,
interpretation, assumptions, and data processing. They can be based for instance on remote
sensing, Earth observations, and other datasets that are further processed through specific
procedures [61].

Modelling methods are based on the implementation of models for assessing ecosys-
tem services and includes approaches from different disciplines, among which include
ecology, statistics, and climatology. Ecological models, for instance, have been used for
assessing marine primary production, which plays a crucial role as an energy source for
structuring marine food webs on which, in turn, the generation of ecosystem services de-
pends [62-64]. Conceptual models and integrated modelling frameworks are also included
in this category. Integrated modelling frameworks are also used for sociocultural and
economic methods.

Marine ecosystem services can be also assessed in monetary units by calculating the
total economic values (TEVs), which include the direct, indirect, and non-use contributions
of marine ecosystems to humanity [3].

Monetary valuations can be used within frameworks that evaluates both conventional
economic activity and changes in natural ecosystems within a unified accounting sys-
tem [65]. In addition, the monetary valuation of ecosystem services can be used to embed
the impacts of policies or management actions affecting marine ecosystems in benefit—cost
analyses. On the other hand, economic evaluations may not be capable of capturing the full
range of ecological, sociocultural, and non-anthropocentric values that can be associated to
marine ecosystems.

Along with biophysical and economic values, sociocultural methods are also used to
emphasize the value of goods and services that ecosystems provide to social well-being [66].

Sociocultural values depict the principles, importance, or preferences expressed by
people towards nature [25,67] and can be instrumentally, intrinsically, and relationally
motivated [68]. Sociocultural methods aim to expand ecosystem service assessments by
explicitly incorporating cultural and social metrics into the analysis [69].

The “System of Environmental-Economic Accounting 2012-SEEA Central Framework”
was adopted by the United Nations Statistical Commission in 2012 as an international
standard for performing environmental-economic accounting. It focuses on the stocks
of natural resources and the flows exchanged between the economy and the environ-
ment and provides an accounting framework that can be integrated within the System of
National Accounts.

The SEEA Experimental Ecosystem Accounting was then published in 2014. It offers a
synthesis of the current knowledge on ecosystem accounting and provides a standardized
set of terms, concepts, and accounting principles and an integrated accounting structure
for ecosystem services in both physical and monetary terms. It also includes a chapter on
the main challenges and methodological options for the monetary valuation of ecosystems
and ecosystem services. While the SEEA framework has been widely applied to terrestrial
ecosystems, there are only few studies on coastal and marine ecosystems [70]. Of note
is the European Commission’s Knowledge Innovation Project for an Integrated System
for Natural Capital and Ecosystem Services Accounting (KIP INCA), which aimed at
developing a marine ecosystem accounting framework for seagrass [71].

With regard to the assessment of marine ecosystem services at the global scale,
Costanza et al. [72] provided an estimate of 20.9 trillion USD per year, representing more
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than 60% of the total value of global ecosystem services. de Groot et al. [73] also estimated
the value of ecosystem services in monetary units for 10 main biomes, including open
oceans, coastal systems, and coral reefs, based on local case studies across the world. Later,
Costanza et al. [74] provided an updated estimate of ecosystem services at the global scale
based on updated datasets. In this study, the updated value calculated for global marine
ecosystem services resulted in 49.7 trillion USD per year.

Several researchers have highlighted the limitations of global ecosystem service valu-
ation. One of the main problems is related to the limited availability of data to conduct
benefit transfers at the global scale. In fact, Pendleton et al. [75] conducted a literature
review on the valuation of coastal and marine ecosystem services, highlighting that stud-
ies were mainly only concentrated on four coastal and marine ecosystems (i.e., coastal
beaches, marine fishing, coastal lands, and wetlands) and that the geographic coverage
was concentrated in a few states [18]. Although there are several limitations of global scale
assessments of ecosystem services, they have been important in raising awareness on the
importance of ecosystems for human well-being. Nonetheless, the limitations of the results
produced by global assessments highlight the lack of accurate and comprehensive global
data for ecosystem service assessment, especially for marine and coastal areas [75].

Numerous studies aimed at assessing marine ecosystem services at the local scale
based on site-specific data. For example, among recent studies, Depellegrin et al. [76]
assessed marine ecosystem service richness and exposure to anthropogenic threats in small
sea areas of the Lithuanian sea; Outeiro et al. [77] performed a spatial-economic analysis
and a social assessment to understand the tradeoffs between different marine ecosystem
services in a Brazilian marine protected area; and Manea et al. [54] mapped and assessed
supporting ecosystem services in the Adriatic Sea (Italy).

Still, there is a lack of comprehensive assessment performed at the national and
regional scales because spatial data are often lacking for large marine ecosystems or regional
seas. Assessments of ecosystem services at larger scales are crucial for environmental
policies, such as the EU Marine Strategy Framework Directive (MSFD, EC, 2008) requiring
marine assessments and management efforts at the level of European regional seas [27].

In addition to assessments, ecosystem service mapping is recognized as a critical
instrument in bringing ecosystem services into practical applications [78].

Many ecosystem services face spatially explicit pressures, and their exploitation is
often based on anthropogenic activities. Ecosystem service maps can help identify where to
improve the provision of ecosystem services and where to prioritize nature and biodiversity
conservation [79].

The availability of spatial information on the state and trends of ecosystems and
their services is essential for mainstreaming ecosystem services into policy and decision
making [16].

Mapping ecosystem services is also used to quantify the capacity of ecosystems to
deliver services, i.e., ecosystem service supply, and the amount of used goods and services
for human benefits, i.e., ecosystem service demand [80]. Mapping ecosystem service supply
and demand is useful in increasing policy relevance and practical in including the concept
of ecosystem services in operational management [81,82].

Marine ecosystem service mapping has been mainly focused on regulating services,
especially carbon sequestration and storage [28], and provisioning services, mainly through
fisheries and aquaculture activities [83,84]. In contrast, cultural services and education or
recreational opportunities are among the least mapped ecosystem services in coastal and
marine environments [85].

Although the importance of marine ecosystem service mapping in marine planning is
highly recognized, the mapping of coastal and marine ecosystem services remains limited
compared to terrestrial ecosystems [17]. In fact, mapping marine ecosystem services has
many challenges. First, it is very difficult to gather enough qualitative and quantitative
information to describe all of the dimensions and the complexity of marine ecosystems [78].
In the oceans and coastal areas, many ecosystem processes occur in the water column,
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adding a third spatial dimension to the system. Ecosystem dynamics change with depth,
water temperature, solar irradiance, salinity, and other factors, and it is very difficult to
capture this information in two-dimensional maps.

It is also hard to represent the benthic and pelagic dynamics across time, to define
the boundaries of marine ecosystems, and to associate species with their marine habitats
at a good spatial scale [86]. While marine habitat maps represent an invaluable basis for
ecosystem service assessment, maps of the same area built using different methods and pa-
rameters may lead to dissimilar representations, thus providing different information [59].
Therefore, uncertainty in marine habitat mapping should be reported and taken into ac-
count to effectively support decision-makers in developing conservation and management
plans. In addition, there is a challenge related to the availability of uncertain existing
maps that could prevent their use. Finally, while several studies have performed marine
ecosystem mapping at the regional or national scales, there is still a need for mapping
based on global environmental datasets [87].

5. Including Marine Ecosystem Services in Policy and Decision-Making Processes

Despite the integration of marine ecosystems and their services in policy and decision-
making still being challenging, the concept is becoming integrated into several international
regulations and policies.

The EU Marine Strategy Framework Directive (MSFD, 2008/56/EC) aims for good
environmental status in marine waters, following an ecosystem-based approach. It is
focused on 11 descriptors related to ecosystem features, human drivers, and pressures for
determining good environmental status. However, within the existing descriptors, only
ecosystem services are indirectly included. For example, the descriptor “Commercially
exploited fish and shellfish” defines criteria to ensure sustainable fishing and catches,
indirectly referring to the ecosystem service of food provision [88].

The concept of ecosystem services is explicitly integrated into the European Com-
mission EU Biodiversity Strategy to 2020 as a way of mainstreaming biodiversity into
other policies. The EU Biodiversity Strategy to 2020 is built on six mutually supportive
and inter-dependent targets that address the main drivers of biodiversity loss and aims
at reducing key pressures on nature and ecosystem services in the EU. Global aspects
are also addressed to ensure that the EU fully contributes to implementing international
biodiversity commitments [89]. In particular, the second target focuses on maintaining and
enhancing marine and terrestrial ecosystem services and on restoring degraded ecosystems.

In recent years, several efforts have been made to operationalize the Maritime Spatial
Planning Directive (MSPD, 2014/89/EU). Maritime spatial planning has been introduced
as an instrument to provide support in achieving integrated maritime governance, ensuring
sustainable development, Blue Growth, and good marine environmental status. The con-
cept of marine ecosystem services is central to the MSPD. In fact, the MSPD aims to manage
maritime activities to avoid conflicts among them and with marine ecosystems, while
allows for the sustainable exploitation of marine resources and marine ecosystem services.

The concept of marine ecosystem services is also central in the ongoing UN Decade of
Ocean Science for Sustainable Development. In fact, several programs and contributions
have been endorsed as the first set of Decade Actions, such as the Blue Climate Initiative
and the Cultural Heritage Framework Programme, recognizing that the research on marine
ecosystem services plays a crucial role in generating scientific knowledge needed to fully
contribute to global ocean sustainability and human well-being.

Therefore, national governments, international organizations, businesses, and non-
governmental organizations have started incorporating ecosystem services into policy and
management, but still, additional efforts are needed for successful implementation, making
the concept of ecosystem services operational and linked with decision-making, especially
in the case of marine ecosystems [90].

Future efforts should be aimed at developing solid evidence linking decisions to the
anthropogenic impacts on ecosystems and generated services and, as a consequence, to
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human well-being; working with leaders in governments, businesses, and civil society to
develop and provide knowledge and tools to effectively integrate ecosystem services into
decision-making processes; and reforming policies and institutions, and building capacities
to better align with private, short-term goals and with societal, long-term goals [91].

6. Conclusions

In recent decades, the scientific literature on marine ecosystem services has rapidly
increased while, in parallel, the concept has become integrated into several international
regulations and policies.

Several methodologies have been used to quantify the benefits that humans receive
from marine ecosystems. All of these methods are complementary to each other and can
provide different indicators that can support policy makers in deciding and choosing
among alternative investments, projects, and policies. The choice of an assessment method
largely depends on the type of problem investigated, the peculiarity of the study area, and
the final goal of the assessment.

An integration of biophysical, economic, and sociocultural assessment methods is
desirable for a broader and comprehensive understanding of the benefits gained from
marine ecosystems and the ecological, social, and economic costs due to their unsustain-
able exploitation.

Efforts are still needed to advance the research on marine ecosystem services at
the local, national, regional, and global scales and to provide policy makers with useful
indicators to implement effective strategies for the sustainable use and management of
coastal and marine ecosystems.
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